CD27 belongs to the tumor necrosis factor α receptor superfamily (TNFRSF) and has overlapping activity with other TNFRSF members including CD40, TNFRSF9 (best known as 4--1BB), and TNFRSF4 (best known as OX-40). CD27 plays a key role in diverse immunological processes, including the survival, activation and effector functions of T cells, as well as the proliferation and cytotoxic activity of natural killer (NK) cells.[@R1] A unique feature of CD27 is its constitutive expression at significant levels on the majority of T cells, including naïve T cells. Thus, the CD27 signaling pathway is regulated, for the most part, by the expression of the CD27 ligand, CD70, and CD27 is generally available at the cell surface for targeting by specific antibodies. This was originally exploited by Glennie and colleagues, who described a monoclonal antibody specific for mouse CD27 that exerted therapeutic activity in murine tumor models.[@R2]

To translate these finding into potential clinical applications, we created a panel of fully human antibodies specific for human CD27 by immunizing mice, genetically modified to express human immunoglobulins with the extracellular domain of human CD27. This panel of monoclonal antibodies was screened by a variety of binding and functional assays, resulting in the selection of a lead IgG1 antibody, referred to as clone 1F5. This antibody exhibits a high affinity for both the human and macaque variants of CD27, binds to this TNFRSF member expressed on the cell surface, and blocks CD70 binding, suggesting that 1F5 may bind to (or near to) the ligand-binding site of CD27.[@R3]

To perform in vivo studies based on the 1F5 antibody, we generated transgenic mice expressing human CD27 (hCD27-Tg) by means of a bacterial artificial chromosome (BAC) containing the entire CD27-coding gene and presumed upstream promoter. hCD27-Tg mice were backcrossed to several strains and transgene expression was extensively characterized. Globally, the expression pattern of human CD27 in these transgenic mice, both in steady-state conditions and in the course of immune responses, suggests that the transgene of hCD27-Tg mice is expressed and regulated in a manner consistent with the biology of CD27. Importantly, the affinity of mouse CD70 for human CD27 is similar to that of human CD70, implying that natural CD70-CD27 interactions can occur in these hCD27-Tg mice.[@R4]

The agonistic activity of the 1F5 antibody was demonstrated in vitro using either human or hCD27-Tg mouse-derived T cells. In particular, 1F5 was found to significantly enhance the proliferation and cytokine expression of CD4^+^ and CD8^+^ cells exposed to sub-optimal amounts of anti-CD3 antibodies, but only when 1F5 was cross-linked with anti-human IgGs or bound to the microtiter plate.[@R3]^,^[@R4] Providing 1F5 in solution or cross-linking 1F5 in the absence of T-cell receptor (TCR) stimulation resulted in no T-cell activation. Thus, 1F5 appears to be incapable of triggering a potentially dangerous polyclonal T-cell activation as co-stimulatory superagonists like some CD28-specific antibodies do.[@R5]^,^[@R6]

In vivo, 1F5 boosted the CD8^+^ T cell response elicited by an ovalbumin-targeting vaccine in hCD27-Tg mice, but not in wild-type mice. For these studies, wild-type or hCD27-Tg mice were immunized with ovalbumin and separately injected with 1F5 or an antibody specific for murine CD27 (AT-124), at the time of immunization and on the following day. One week later, splenocytes were stained with the ovalbumin-specific tetramer H-2K^b^-SIINFEKL and tested by ELISPOT for interferon γ (IFNγ) secretion upon stimulation based on the same antigenic specificity. We observed a significant expansion of tetramer-specific T cells in hCD27-Tg mice receiving AT-124 or 1F5, as compared with either hCD27-Tg mice treated with isotype-matched control IgG or wild-type mice receiving 1F5. Similarly, the ELISPOT analysis showed a robust and specific IFNγ response consistent with the results of tetramer staining.[@R4]

We demonstrated the activity of 1F5 in several syngeneic murine tumor models, including the BCL1 lymphoma, CT26 colon carcinoma and E.G7 thymoma models. The administration of anti-CD27 antibodies led to complete tumor regression in the majority of hCD27-Tg mice inoculated with CT26 cells, when the treatment was started 3 d following the implantation of cancer cells. Conversely, 1F5 was less effective when treatment was delayed to start on day 15 post cancer cell implantation. The animals that survived the initial tumor challenge were shown to exhibit protective immunological memory against CT26 cells, as evidenced by the lack of tumor growth when these animals were re-challenged with tumor cells of the same type approximately 100 d later. T-cell depletion studies were also performed, and the loss of either CD4^+^ or CD8^+^ T cells diminished the efficacy of 1F5, suggesting a role for both of these T-cell subsets in the therapeutic responses following CD27 stimulation.

We sought to elucidate if 1F5 was being cross-linked in vivo, as was suggested by in vitro findings. Since human IgG1s are known to react with mouse Fc receptors (FcRs), we considered FcR-mediated cross-linking as a likely mechanism. To test this hypothesis, we introduced a point mutation into the Fc fragment of 1F5 that abolished FcR binding. Mutant 1F5 retained complete CD27-binding activity, but was unable to bind mouse FcRs as demonstrated by Biacore analyses. The mutation completely abrogated the ability of 1F5 to enhance ovalbumin-specific T-cell responses and to exert anticancer effects against the E.G7 thymoma. These data suggest that 1F5 exerts co-stimulatory effects upon the engagement of FcRs on antigen-presenting cells in the course of MHC-TCR interactions ([Fig. 1](#F1){ref-type="fig"}).

![**Figure 1.** T-cell activation by anti-CD27 antibodies requires antibody cross-linking and TCR stimulation. 1F5 recognizes CD27 on the surface of T cells while binding Fc receptors (FcRs) on antigen-presenting cells. This favors 1F5 cross-linking and results in the co-stimulation of T-cell receptor (TCR)-transduced signals, overall stimulating proliferative, secretory and effector T-cell responses that can mediate robust antineoplastic effects.](onci-3-e27255-g1){#F1}

In summary, we have developed a monoclonal antibody operating as a CD27 agonist, 1F5, which has been shown to activate human and hCD27-Tg mouse T cells in the context of TCR stimulation and to exert antitumor activity in murine tumor models. Thus, 1F5 may be particularly effective as part of combinatorial immuno(chemo)therapeutic regimens. Data from CD27-deficient mice suggest that CD27 stimulation might enhance the immunosuppressive activity of regulatory T cells and hence promote tumor growth.[@R7] However, the immunostimulatory effects of CD27 signaling appear to override such an effect,[@R8] and all of the studies performed to date with agonist anti-CD27 antibodies are consistent with their ability to drive therapeutically relevant antitumor immune responses.[@R2]^,^[@R4]^,^[@R9]^,^[@R10] 1F5 is currently being evaluated (under the name CDX-1127) in a Phase I clinical trial enrolling patients with advanced malignancies.
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